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ALasota, M.C.Mackey, M.Waiewska-Czyzewska [4] M.C.Mackey, P.D\"ormer
[5] , .
$\frac{\partial u}{\partial t}=c(x)\frac{\partial u}{\partial x}+g(x, u)$
Lasota, Mackey [3] $c(x)=-x,$ $g(x, u)= \frac{1}{2}u$
, exact, continuous time, semidynamical system .
Lasota, Mackey $c(x)=\gamma x$ , $g(x, u)=h(x)u(\gamma\in \mathbb{R}, h\in C([0,1], \mathbb{C}))$
,
$\frac{\partial u}{\partial t}=\gamma x\frac{\partial u}{\partial x}+h(x)u$
$I$ $X$ .
$\mathrm{A}\mathrm{a},$ $X$ $C_{0}$- $\{T_{t}\}_{t>0}$ . ,
[1] W. Desch, W. Schappacher, G. F. Webb , chaotic
. chaotic
, “ topologically transitive ”
. hypercyclic topologically





, , $\prime f\dot{fl}$
. exact chaotic
. , Schappacher





Banach $X$ $\{T_{t}\}_{t\geq 0}$ hypercyclic $x\in X$ ,
$\{T_{t}x|t\geq 0\}$ $X$ c\leftarrow . ( $\{T_{t}\}_{t\geq 0}$ chaotic
$\{T_{t}\}_{t>0}$ hypercyclic $X_{\mathrm{p}\mathrm{e}\mathrm{r}}=\{x\in X|\exists t>\mathrm{O}s.t. T_{t}x=x\}$
$X$ . chaotic
.
Theorem A[1]. Let $X$ be $a$ separable Banach space and let $A$ be the of
a strongly continuous semigroup $\{T_{t}\}_{t>0}$ on X. Let $U$ be an open subset of the point
spectrum of $A$ , which intersects the imaginary axis, and for each $\lambda\in U$ let $x_{\lambda}$ be $a$
nonzero eigenvector, $i.e$ . $Ax_{\lambda}=\lambda x_{\lambda}$ . For each $\phi\in X^{*}$ we define a function $F_{\phi}$ : $Uarrow \mathbb{C}$
by $F_{\phi}(\lambda)=\langle\phi, x_{\lambda}\rangle$ . Assume that for each $\phi\in X^{*}$ the function $F_{\phi}$ is analytic and that $F_{\phi}$
does not vanish identically on $U$ unless $\phi=0$ . Then $\{T_{t}\}_{t>0}$ is chaotic.
. $X_{1}=\{f\in C([0,1], \mathbb{C})|f(0)=0\}$
, :
$\{$
$\frac{\partial u}{\partial t}=\gamma x_{\partial}\partial$ $h(x)u$
$u(0, x)=f(x)$
(2.1)
$\gamma<0,$ $h\in C([0,1], \mathbb{C}),$ $f\in X_{1}$ . (2.1) $\exp\{\int_{0}^{t}h(e^{\gamma(t-s)}x)ds\}$
$f(e^{\gamma t}x)$ $\mathrm{A}\mathrm{a},$ $X_{1}$ $\{T_{t}\}_{t\geq 0}$ :
$T_{t}f(x)= \exp\{\int_{0}^{t}h(e^{\gamma(t-s)}x)ds\}f(e^{\gamma t}x)$ for $f\in X_{1}$ .
$\gamma\neq 0$ { , $\gamma>0$ $x\in(e^{-\gamma t}, 1]$ & $e^{\gamma t}x\not\in[0,1]$
$\gamma<0$ . $T_{t_{1}+t_{2}}f(x)= \exp\{\int_{0}^{t_{1}+t_{2}}h(e^{\gamma(t_{1}+t_{2}-s)}x)ds\}f(e^{\gamma(t_{1}+t_{2})}x)=T_{t_{1}}\cdot T_{t_{2}}f(x)$
$T_{0}f(x)=f(x)$ $f\in X_{1}$ , $\{T_{t}\}_{t\geq 0}$
. $\{T_{t}\}_{t>0}$ $X_{1}$ $C_{0}$- .
. $X_{1}$ $C_{0}$- $\{T_{t}\}_{t\geq 0}$ $A:D(A)\subseteq X_{1}arrow X_{1}$
A$f= \lim_{t\downarrow 0}\frac{T_{t}f-f}{t}$
,
$D(A)= \{f\in X_{1}|\lim_{t\downarrow 0}\frac{T_{t}f-f}{t}$ exists. $\}$
$f$ . $\{T_{t}\}_{t\geq 0}$
solution semigroup [ . solution se group Theorem AI ,
solution semigroup chaotic .
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Theorem 1. $X$, { $f\in C$([0, , $\mathbb{C}$ ) $|f(0)\ovalbox{\tt\small REJECT} 0$ } .
$\ovalbox{\tt\small REJECT}$
$\{$
$\frac{\partial u}{\partial t}=\gamma x\frac{\partial u}{\partial x}+h(x)u$
$u(0, x)=f(x)$
(2.2)
$\gamma<0,$ $h\in C([0,1], \mathbb{C}),$ $f\in X_{1}$ .
solution semigroup $\{T_{t}\}_{t\geq 0}(T_{t}f\cdot(x)=\exp\{\int_{0}^{t}h(e^{\gamma(t-s)}x)ds\}f(e^{\gamma t}x))$ , $X_{1}$ Q-
.
[ $\min\{\Re(h(x))| x\in[0,1]\}>0$ , $\{T_{t}\}_{t\geq 0}$ chaotic .
Proof. $a= \sup_{0\leq x\leq 1}|h(x)|$ . $f\in X_{1}$ [ ,
$||T_{t}f-f||$ $=$ $\sup|e^{\int_{0}^{t}h(e^{\gamma(t-\cdot)}x)ds}f(e^{\gamma t}x)-f(x)|$
$\leq$
$|e^{at}-1| \sup_{0\leq x\leq 1}|f(e^{\gamma t}x)|+\sup_{0\leq x\leq 1}|f(e^{\gamma t}x)-f(x)|$
$=$
$|e^{at}-1|||f||+ \sup_{0\leq x\leq 1}|f(e^{\gamma t}x)-f(x)|$
, $\{T_{t}\}_{t\geq 0}$ .
[ , $\min\{\Re(h(x))|x\in[0,1]\}>0$ , $\{T_{t}\}_{t\geq 0}$ chaotic
. Theorem A , :
(i) $X_{1}$ [ separable Banach space
(ii) $A$ point spectrum , $U$
(iii) $\lambda\in U$ , $f_{\lambda}(x)= \exp(-\frac{1}{\gamma}\int_{x}^{1}\frac{\lambda-h}{s}\Omega^{s}ds)$ , $\phi\in X_{1}^{*}$ $F_{\phi}:Uarrow \mathbb{C}$ :
$F_{\phi}(\lambda)=\langle\phi, f_{\lambda}\rangle$ . $\phi\in X_{1}^{*}$ , $F_{\phi}$ $U$ .
(iv) $U$ $F_{\phi}=0$ $\phi=0$ .
(i) $X_{1}$ separable Banach space Weierstrass .
(\"u) $A:D(A)\subseteq X_{1}arrow X_{1}$ $C_{0}$- $\{T_{t}\}_{t\geq 0}$ .
$D_{1}=\{f\in X_{1}\cap C^{1}((0,1],$ $\mathbb{C})|\lim_{xarrow 0}xf’(x)=0\}$ .
. $D_{1}=D(A)$ . $f\in D(A)$ , $Af$ $X_{1}$ ,
$f$ $(0,1)$ . standard argument I , $Af(x)=h(x)f(x)+\gamma xf’(x)$
$x\in(0$ , . $\lim_{xarrow 0}xf’(x)=0$ , $D(A)\subset D_{1}$
.
[ , $f\in D_{1}$ , $hf+\gamma xf’\in X_{1}$ . $\epsilon>0$ [ ,
$\delta_{1}(1>\delta_{1}>0)$ $|h(x)f(x)+\gamma xf’(x)|<\epsilon$ $x\in[0, \delta_{1}]$
, , $|x-x’|<\delta_{1}$ $x,$ $x’\in[0,1]$ t $|xf’(x)-x’f’(x’)|<\epsilon$
$|f(x)-f(x’)|<\epsilon$ . $h$ , $\delta_{2}>0$ $0\leq s<\delta_{2}$
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$x\in[0,1]$ & $|h(e^{\gamma s}x)-h(x)|<\epsilon$ . , $\delta_{3}=$ $\mathrm{n}$ $\{\delta_{2},$ $\frac{1}{||h||_{\infty}},$ $\frac{\epsilon}{2||h||_{\infty}^{2}}\}$
, $0\leq t<\delta_{3}$ (
$| \frac{e^{\int_{0}^{t}h(e^{\gamma(t-s)}x)ds}-1}{t}-h(x)|$ $<$ $| \frac{\int_{0}^{t}h(e^{\gamma(t-s)}x)ds}{t}-h(x)|+\frac{t}{2}||h||_{\infty}^{2}e^{t||h||_{\infty}}$
$<$ $\epsilon+2t||h||_{\infty}^{2}<2\epsilon$
. , $0<t< \min\{\frac{1}{\gamma}\log(1-\delta_{1}), \delta_{3}\}$ { , $0\leq x-e^{\gamma t}x<\delta_{1}$ $f(e^{\gamma t}x)-f(x)=$
$\int_{0}^{t}\gamma e^{\gamma s}xf’(e^{\gamma s}x)ds$ ,
$| \frac{T_{t}f(x)-f(x)}{t}-(\gamma xf’(x)+h(x)f(x))|$
$| \frac{e^{\int_{0}^{t}h(e^{\gamma(t-s)}x)ds}-1}{t}f(e^{\gamma t}x)-h(x)f(x)|+\frac{1}{t}\int_{0}^{t}|\gamma e^{\gamma s}xf’(e^{\gamma s}x)-\gamma xf’(x)|ds$
$\leq$ $(2||f||_{\infty}+||h||_{\infty}+\gamma)\epsilon$ ,
, $D_{1}\subset D(A)$ . $D(A)=D_{1}$ .
$\alpha=\min\{\Re(h(x))|x\in[0,1]\}$ ,
$U=\{\lambda\in \mathbb{C}|\Re(\lambda)<\alpha\}$
. $\alpha>0$ , $U$ . $\lambda\in U$ , $f_{\lambda}(x)=$
$\exp(-\frac{1}{\gamma}\int_{xs}^{1\underline{\lambda-}[perp]}hs[perp] ds)$ $[0,1]$ . $f_{\lambda}(x)$ $D_{1}=D(A)$ , $Af_{\lambda}=\lambda f_{\lambda}$
. $U$ $A$ point spectrum
.
(iii) $\lambda\in U$ . $|p|$ $p\neq 0$ $v_{p,\lambda}(x)= \frac{f_{\lambda+p}(x)-f_{\lambda}(x)}{p}$ ,
$x\in$ $(0, 1]$ t $g_{\lambda}(x)= \mathrm{g}\underline{x}\exp(\underline{\mathrm{l}\mathrm{o}}-\frac{1}{\gamma}\int_{x}^{1}\gamma\frac{\lambda-h}{s}\mathrm{L}^{\mathrm{S}})ds),$ $g_{\lambda}(0)=0$ . $\lim_{xarrow 0}g_{\lambda}(x)=0$
, $g_{\lambda}\in X_{1}$ . $f_{\lambda+p}(x)-f_{\lambda}(x)=p \int_{0\gamma}^{1\underline{\mathrm{l}\mathrm{o}}\mathrm{g}\underline{x}}\exp(-\frac{1}{\gamma}\int_{x}^{1\lambda-h(}\tau^{tp}ds)dt$




. $c= \frac{\alpha-\Re}{2}\lambda 4>0$ . $\epsilon>0$ , $\delta_{1}>0$ , $0\leq x<\delta_{1}$
$|_{\gamma}^{\underline{1}0\underline{x}}x \exp(-\frac{1}{\gamma}\int_{xs}^{1\lambda-hs\mapsto}ds)|<\epsilon$ , $\delta_{2}>0$ $\delta_{1}\leq x\leq 1$
$0<|p|<\delta_{2}$ { $|x^{pt} \gamma-1|<\frac{\epsilon}{||g_{\lambda}||}$ .





. , $x\in[\delta_{1},1]$ $0<|p|<\delta_{2}$ [ ,
$|v_{p,\lambda}(x)-g_{\lambda}(x)| \leq|g_{\lambda}(x)|\int_{0}^{1}|x^{t}\gamma-1|dt<\epsilon B$
. , $0<|p|< \min\{c, \delta_{2}\}$ $x\in[0,1]$ [ , $|v_{p,\lambda}(x)-g_{\lambda}(x)|<2\epsilon$ .
$parrow \mathrm{O}$ $|v_{p,\lambda}(x)-g_{\lambda}(x)|$ $[0,1]$ [ 0 ,
$\langle\phi, g_{\lambda}\rangle=\lim_{parrow 0}\langle\phi, \frac{f_{\lambda+p}-f_{\lambda}}{p}\rangle=\frac{dF_{\phi}}{d\lambda}$
. , $F_{\phi}(\lambda)$ $\lambda\in U$ , .
(iv) $\lambda\in U$ , $F_{\phi}(\lambda)=0$ , $\phi=0$ .
. $U=\{\lambda\in \mathbb{C}|\Re(\lambda)<\alpha\}$ , $\lambda\in U$ , $f_{\lambda}(x)=$
$\exp(-\frac{1}{\gamma}\int_{xs}^{1\underline{\lambda}-\lrcorner hs[perp]}ds)$ . $\lambda_{0}<\alpha$ $\lambda_{0}$ . $\Re(\lambda)<\lambda_{0}$ ,
$f_{\lambda}(x)$ $=$ $\exp\{-\frac{1}{\gamma}\int_{x}^{1}\frac{\lambda-\lambda_{0}}{s}ds-\frac{1}{\gamma}\int_{x}^{1}\frac{\lambda_{0}-h(s)}{s}ds\}$
$=$ $\exp\{-\frac{1}{\gamma}\int_{x}^{1}\frac{\lambda-\lambda_{0}}{s}ds\}\exp\{-\frac{1}{\gamma}\int_{x}^{1}\frac{\lambda_{0}-h(s)}{s}ds\}$ (2.3)
. (2.3) 2 factor :
$q(x)= \exp\{-\frac{1}{\gamma}\int_{x}^{1}\frac{\lambda_{0}-h(s)}{s}ds\}$
, $q$ $[0, 1]$ , $x>0$ , $q(x)>0$ . (2.3)
factor
$\exp\{-\frac{\lambda-\lambda_{0}}{\gamma}\cdot\log(\frac{1}{x})\}=x^{\frac{\lambda-\lambda}{\gamma}}$ .
. $n\in\{1,2,3, \cdots\}$ , $\lambda_{n}=\gamma n+\lambda_{0}$ . $\gamma<0$ $n=1,2,3,$ $\cdots$
[ $\lambda_{n}\in U$ . $n=1,2,3,$ $\cdots$ , $f_{\lambda_{n}}(x)=x^{n}q(x)$ .
, $0=F_{\phi}(\lambda_{n})=\langle\phi, f_{\lambda_{\mathfrak{n}}}\rangle=\langle\phi, x^{n}q\rangle$ $n=1,2,3,$ $\cdots$ . Stone-
Weierstrass theorem , $\{x^{n}|n=1,2,3, \cdots\}$ linear span $X_{1}$ .
$x\in(0$ , [ , $q(x)>0$ , $\{x^{n}q|n=1,2,3, \cdots\}$ linear span $X_{1}$
. $\phi=0$ .
(i) (iv) , Theorem A . Theorem A
, $\{T_{t}\}_{t\geq 0}$ chaotic .
}1 $= \{f\in C([1, \infty), \mathbb{C})|\lim_{xarrow\infty}f(x)=0\}$ ? $( \phi f)(x)=f(\frac{1}{x})$
$\phi$ : $X_{1}arrow \mathrm{Y}_{1}$ , $X_{1}=\{f\in C([0,1], \mathbb{C})|f(0)=0\}$ . , $X_{1}$
(2.2) $\mathrm{Y}_{1}$ .
$\frac{\partial u}{\partial t}=-\gamma y\frac{\partial u}{\partial y}+h(y)u$ . (2.4)
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(2.2) $X_{1}$ solution semigroup $\{T_{t}\}_{t\geq 0}$ , (2.4)






$\mathrm{Y}_{1}$ $\{f\in C([1, \infty), \mathbb{C})|\lim_{xarrow\infty}f(x)=0\}$ .
:
$\{$
$\frac{\partial u}{\partial t}=\gamma x\frac{\partial u}{\partial x}+h(x)u$
$u(0, x)=f(x)$
, $\gamma>0,$ $f\in \mathrm{Y}_{1},$ $h\in C([1, \infty),$ $\mathbb{C})$ , $\lim_{xarrow\infty}h(x)$ .
[ solution semigroup $\{S_{t}\}_{t\geq 0}(S_{t}f(x)=e^{\int_{0}^{t}h(e^{\gamma(t-*)}x)ds}f(e^{\gamma t}x))$
{ , $\mathrm{Y}_{1}$ $C_{0}$ - { . [ $\inf\{\Re h(x)|x\in[1, \infty)\}>0$ , $\{S_{t}\}_{t\geq 0}$
chaotic .
3 $L^{2}(I)$
$X_{2}$ $L^{2}([0,1], \mathbb{C})$ . $L^{2}([0,1], \mathbb{C})$ :
$\{$
$\frac{\partial u}{\partial t}=\gamma x\frac{\partial u}{\partial x}+h(x)u$
$u(0, x)=f(x)$
(3.1)
, $\gamma<0,$ $h\in C([0,1], \mathbb{C}),$ $f\in X_{2}$ . (3.1) $\exp\{\int_{0}^{t}h(e^{\gamma(t-s)}x)ds\}$
$f(e^{\gamma t}x)$ , $X_{2}$ $\{T_{t}\}_{t\geq 0}$ $f\in X_{2}$ $T_{t}f(x)=$
$\exp\{\int_{0}^{t}h(e^{\gamma(t-s)}x)ds\}f(e^{\gamma t}x)$ . , $\{T_{t}\}_{t\geq 0}$ ’
. , $\{T_{t}\}_{t\geq 0}$ $X_{2}$ $C_{0}$- . ,
. Theorem A solution semigroup $\{T_{t}\}_{t\geq 0}$ ’ { , solution semi-
group chaotic .
Theorem 2.
$X_{2}$ $L^{2}([0,1], \mathbb{C})$ . :
$\{$
$\frac{\partial u}{\partial t}=\gamma x\frac{\partial u}{\partial x}+h(x)u$
$u(0, x)=f(x)$
, $\gamma<0,$ $h\in C([0,1], \mathbb{C}),$ $f\in X_{2}$ .
solution semigroup $\{T_{t}\}_{t\geq 0}(T_{t}f(x)=\exp\{\int_{0}^{t}h(e^{\gamma(t-s)}x)ds\}f(e^{\gamma t}x))$ { $X_{2}$ C0-
[ . { , $\min\{\Re(h(x))|x\in[0,1]\}>22$ , $\{T_{t}\}_{t\geq 0}$ chaotic .
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$P\mathrm{m}\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}\{\ovalbox{\tt\small REJECT}\}_{4>0}$ , $t\ovalbox{\tt\small REJECT} 0$ $\{L\}_{t>0}$ .
$f$ $X_{2}$ . $\epsilon>0$ ,
$||f- \xi||_{L^{2}}<\frac{\epsilon}{6}$ .
$[0, 1]$ $\xi$ . $\xi$ , $\delta_{1}>0$ , $0<t<\delta_{1}$
$||T_{t} \xi-\xi||_{\infty}<\frac{\epsilon}{2}$
. $\alpha_{0}=\max_{0\leq x\leq 1}\{\Re(h(x))\}-2l$ $k\in X_{2}$ ,
$||T_{t}k||_{L^{2}}\leq e^{\alpha_{0}t}||k||_{L^{2}}$
. $\delta=\min(\delta_{1}, \underline{1}_{\mathrm{B}}0\underline{2})\alpha_{0}$ , $t\in(0, \delta)$
$||T_{t}f-f||_{L^{2}}$ $\leq$ $||T_{t}f-T_{t}\xi||_{L^{2}}+||T_{t}\xi-\xi||_{L^{2}}+||\xi-f||_{L^{2}}$
$\leq$ $e^{\alpha_{0}t}||f-\xi||_{L^{2}}+||T_{t}\xi-\xi||_{\infty}+||f-\xi||_{L^{2}}$
$<$ $||f- \xi||_{L^{2}}(1+e^{\alpha 0t})+\frac{\epsilon}{2}$
$<$ $\frac{\epsilon}{6}(1+2)+\frac{\epsilon}{2}=\epsilon$
. , $\{T_{t}\}_{t\geq 0}$ Q- .
, $\min\{\Re(h(x))|x\in[0,1]\}>$ { , Theorem A
, Theorem 1 , (i) $-(\mathrm{i}\mathrm{v})$
. (i) $X_{1}$ separable Banach space
(ii) $A$ point spectrum $U$
(iii) $\lambda\in U$ , $f_{\lambda}(x)= \exp(-\frac{1}{\gamma}\int_{x}^{1}\frac{\lambda-h}{s}s[perp] ds)$ , $\phi\in X_{1}^{*}$ , $F_{\phi}$ :
$Uarrow \mathbb{C}$ $F_{\phi}(\lambda)=\langle\phi, f_{\lambda}\rangle$ . , $\phi\in X_{1}^{*}$ , $F_{\phi}$ $U$
.
(iv) $U$ $F_{\phi}=0$ , $\phi=0$ .
{ $\mathrm{i})$ .
(ii) $A:D(A)\subseteq X_{1}arrow X_{1}$ $C_{0}$- $\{T_{t}\}_{t\geq 0}$ .
$D_{2}=$ { $f\in X_{2}|xf$ $(xf)’\in X_{2}$ }.
. , $f\in D_{2}$ , $f\in X_{2}$ $xf$ Sobolev space $H^{1}(0,1)$
. $f\in D(A)$ , $\lim_{t\downarrow 0}\underline{T}t[perp]_{t}-$ $=g$
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$\mathfrak{h}\underline{\backslash }LDg\in X_{2}rightarrow\hslash^{\grave{\grave{\rangle}}}\Gamma\mp\not\in\tau$. $fl\mathrm{J}[0,1]-\llcorner_{\mathrm{F}}\urcorner\downarrow\ovalbox{\tt\small REJECT}_{JJ}^{\nearrow\backslash };x\sigma)\vee \mathrm{C}^{\backslash }\backslash ,$ $l,$ $m\in[0,1]l\mathrm{z}n_{\backslash }\iota$ ,
$\int_{l}^{m}\frac{T_{t}f(x)-f(x)}{t}dx=\int_{l}^{m}\frac{e^{\int_{0}^{t}h(e^{\gamma(t-s)}x)ds}f(e^{\gamma t}x)-f(x)}{t}dx$
$=$ $\int_{le^{\gamma t}}^{me^{\gamma t}}\frac{e^{\int_{0}^{t}h(e^{-\gamma s}x)ds-\gamma t}}{t}f(x)dx-\int_{l}^{m}\frac{f(x)}{t}dx$
$=$ $\frac{1}{l-le^{\gamma t}}\int_{le^{\gamma t}}^{l}\frac{l(1-e^{\gamma t})}{t}e^{\int_{0}^{t}h(e^{-\gamma s}x)ds-\gamma t}f(x)dx$
$+ \int_{l}^{m}\frac{e^{\int_{0}^{t}h(e^{-\gamma s}x)ds-\gamma t}-1}{t}f(x)dx$
$- \frac{1}{m-me^{\gamma t}}\int_{me^{\gamma t}}^{m}\frac{m(1-e^{\gamma t})}{t}e^{\int_{0}^{t}h(e^{-\gamma s}x)ds-\gamma t}f(x)dx$
[ , $l,$ $m$ [ , $t\downarrow \mathrm{O}$
$-l \gamma f(l)+\int_{l}^{m}(h(x)-\gamma)f(x)dx+m\gamma f(m)$
([7], Theorem 9-8 $\mathrm{V}\mathrm{I}]$ ). $\text{ }$ , $\int_{l}^{m}g(x)dx$ . 0
$f$ ,
$mf(m)= \int_{l}^{m}\frac{1}{\gamma}\{g(x)-(h(x)-\gamma)f(x)\}dx+lf(l)$ ,
, $xf(x)$ [ $\frac{1}{\gamma}\{g(x)-(h(x)-\gamma)f(x)\}$
, $(xf)’$ $X_{2}$ . $D(A)\subset D_{2}$
.
, $f\in D_{2}$ ,
$\frac{T_{t}f(x)-f(x)}{t}$ $(\gamma xf’(x)+h(x)f(x))$
$=$ $( \frac{e^{\int_{0}^{t}h(e^{\gamma(t-\epsilon)}x)ds}-1}{t}-h(x))f(e^{\gamma t}x)$ (3.2)
$+$ $h(x)(f(e^{\gamma t}x)-f(x))+ \{\frac{f(e^{\gamma t}x)-f(x)}{t}-\gamma xf’(x)\}$ .
. (3.2) $tarrow \mathrm{O}$ , 0 . (3.2) , $tarrow \mathrm{O}$
0 , Theorem 1 . $\epsilon>0$
$t(t_{0}>t\geq 0)$ ( , $t_{0}>0$ ) { ,
$\int_{0}^{\delta_{1}}|f(e^{\gamma t}x)-f(x)|^{2}dx<\epsilon$.
$\delta_{1}>0$ . $xf$ 1 , $f$ 1 $[\delta_{1},1]$ ,
$||h(x)(f(e^{\gamma t}x)-f(x))||$ $tarrow \mathrm{O}$ 0} .
$\eta(x)=\gamma xf’(x)$ . $f\in D_{2}$ $\eta\in X_{2}$ . $\epsilon>0$ {
, $||\xi-\eta||<\epsilon$ $\xi\in C([0,1], \mathbb{C})$ , $\delta>0$ ,
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0 $\ovalbox{\tt\small REJECT} s\ovalbox{\tt\small REJECT} t<\delta$ 0 $\ovalbox{\tt\small REJECT} x\ovalbox{\tt\small REJECT} 1$ [ $||\xi(e^{\gamma_{8}}x)-\xi(e^{\gamma 1}x)||<\epsilon$ . , 0 $\ovalbox{\tt\small REJECT} s<\delta$
,
$|| \eta(e^{\gamma s}x)-\xi(e^{\gamma s}x)||^{2}=\int_{0}^{1}(\eta(e^{\gamma s}x)-\xi(e^{\gamma s}x))^{2}dx$
$= \int_{0}^{e^{\gamma*}}(\eta(y)-\xi(y))^{2}e^{-\gamma s}dy\leq e^{-\gamma\delta}||\eta-\xi||^{2}$ .
. , $0\leq s\leq t<\delta$ [ $||\eta(e^{\gamma s}x)-\eta(e^{\gamma t}x)||^{2}\leq(2+e^{-\iota_{2}^{\underline{\delta}}})\epsilon$ ,
$s\in[0, \infty)\mapsto t\eta(e^{\gamma s}\cdot)\in L^{2}$ . $X_{2}$-valued
Riemann integral $\int_{0}^{t}\eta(e^{\gamma s}x)ds$ .
$\frac{f(e^{\gamma t}x)-f(x)}{t}-\gamma xf’(x)=\frac{1}{t}\int_{0}^{t}\gamma e^{\gamma s}xf’(e^{\gamma s}x)ds-\eta(x)$
, $0<t<\delta$ (3.2) 3
:
$|| \frac{f(e^{\gamma t}x)-f(x)}{t}-\gamma xf’(x)||=||\frac{1}{t}\int_{0}^{t}\eta(e^{\gamma s}x)ds-\eta(x)||$
$\leq\frac{1}{t}\int_{0}^{t}||\eta(e^{\gamma s}x)-\eta(x)||ds<(2+e^{-\iota_{2}^{\underline{\delta}}})\epsilon$
$U= \{\lambda\in \mathbb{C}|\Re(\lambda)<\alpha-\frac{\gamma}{2}\}$
. $\alpha>f2$ $U$ . $\lambda\in U$ , $f_{\lambda}(x)= \exp(-\frac{1}{\gamma}\int_{x}^{1}\frac{\lambda-h}{s}\mathrm{u}sds)$
$D_{2}=D(A)$ , $Af_{\lambda}=\lambda f_{\lambda}$ $f_{\lambda}$ $A$
. $U$ $A$ point spectrum .
(iii) $\phi\in X_{2}^{*}=X_{2}$ ,
$F_{\phi}( \lambda)=\langle\phi, f_{\lambda}\rangle_{L^{2}}=\int_{0}^{1}\phi(x)f_{\lambda}(x)dx$. (3.3)
. $\lambda\in U$ ,
$\underline{\partial f_{\lambda}(x)}$
. . $x\in(0,1)$ , $\lambda\in U$
$\lambda$
$f_{\lambda}(x)$ , $0<\theta<1$ ,
$| \frac{1}{\nu}\{f_{\lambda+\nu}(x)-f_{\lambda}(x)\}|$ $=$ $|. \frac{1}{.\nu}\{e^{-\frac{1}{\gamma}f_{x*}^{1\underline{\lambda+\nu}-\lrcorner h\lrcorner_{ds}}}.-e^{-\frac{1}{\gamma}\int_{l*}^{1\underline{\lambda-}\lrcorner h[perp]_{dS\}1}}}$
.
$=$ $|e^{-\frac{1}{\gamma}\int_{l}^{1}\div ds_{\frac{1}{\nu}}}\{e^{-\frac{1}{\gamma}\int_{x}^{1}\frac{\nu}{}ds}.-1\}|$




$-\alpha\tilde{\gamma}$ $+ \Delta\nu\gamma>-\frac{1}{2}$ $\nu_{0}>0$
. ( , $\frac{\Re(\lambda)-\alpha}{\gamma}+\frac{\nu_{0}}{\gamma}-b>-\frac{1}{2}$ $b>0$ .
$x^{b}\log x\in C((0,1],$ $\mathbb{C})$ $\lim_{xarrow 0}x^{b}\log x=0$ l , $||x^{b}\log x||_{\infty}\leq M$ $M>0$
. $\beta=[perp]\Re\lambda 4\underline{-\alpha}\gamma+\underline{\nu}_{\Lambda_{-b}}\gamma$ . , $| \frac{1}{\nu}\{f_{\lambda+\nu}(x)-f_{\lambda}(x)\}|\leq\frac{M}{|\gamma|}x^{\beta}$ ,
$\beta>$
.
$- \frac{1}{2}$ ( $\frac{M}{|\gamma|}x^{\beta}$ ( $L^{2}([0,1], \mathbb{C})$ ( . $\psi(x)=|\phi(x)|\frac{Mx^{\beta}}{|\gamma|}$ [ ,
$\psi\in L^{1}([0, \mathrm{i}], \mathbb{C})$ , $\nu(0<|\nu|\leq\nu_{0})$ $x\in[0,1]$ ,
$| \phi(x)\frac{1}{\nu}\{f_{\lambda+\nu}(x)-f_{\lambda}(x)\}|\leq\psi(x)$
. Lebesgue’s dominated convergence theorem (3.3)
. $F_{\phi}$ .
(iv) Theorem 1 (iv) , $\lambda\in U$ $F_{\phi}(\lambda)=0$ ,
$\phi=0$ .
(i) (iv) t , , $\min\{\Re(h(x))|x\in[0,1]\}>\iota 2$ , Theorem A
. $\{T_{t}\}_{t\geq 0}$ Theorem A chaotic .
Theorem 1 .
Corollary. Y2 $L^{2}([1, \infty),$ $\mathbb{C})$ . .
$\{$
$\frac{\partial u}{\partial t}=\gamma x\frac{\partial u}{\partial x}+h(x)u$
$u(0, x)=f(x)$
, $\gamma>0,$ $f\in \mathrm{Y}_{2},$ $h\in C([1, \infty),$ $\mathbb{C})$ , $\lim_{xarrow\infty}h(x)$ .
, solution semigroup $\{T_{t}\}_{t\geq 0}(T_{t}f(x)=\exp\{\int_{0}^{t}h(e^{\gamma(t-s)}x)ds\}f(e^{\gamma t}x))$
$\mathrm{Y}_{2}$ Q- .
[ , $\inf\{\Re(h(x))|x\in[1, \infty)\}>f2$ , $\{T_{t}\}_{t\geq 0}$ chaotic .
4admissible weighted function $\mathrm{s}\mathrm{p}\mathrm{a}\mathrm{c}\mathrm{e}\mathrm{s}_{-}\mathrm{L}\emptyset \mathrm{c}\mathrm{h}\mathrm{a}\mathrm{o}\mathrm{t}\mathrm{i}\mathrm{c}$ trans-
lation semigroups $C_{0}(I, \mathbb{C})$
$I$ $[0, \infty)$ , $\overline{X}=\{f\in C_{0}(I, \mathbb{C})|\lim_{xarrow\infty}f(x)=0\}$
:
$\{$
$\frac{\partial u}{\partial t}=\frac{\partial u}{\partial x}+h(x)u$
$u(0, x)=f(x)$ ,
(4.1)
, $I$ $f\in\overline{X}$ .
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( $4.\mathfrak{y}$ $e^{\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}_{(s)\mathrm{d}\mathrm{s}}}f(x+t)$ , $\ovalbox{\tt\small REJECT}$ $\{\ovalbox{\tt\small REJECT}\}_{t>0}$
$\ovalbox{\tt\small REJECT}$
-
$\overline{T_{t}}f(x)=e^{\int_{*}^{x+t}h(s)ds}f(x+t)$ for $f\in\overline{X}$ .
[1] , $\{\overline{T_{t}}\}_{t\geq 0}$ (4.1) $\tilde{X}$ the solution semigroup .
$\lambda$ $C_{0}$- ffl $\{\overline{T_{t}}\}_{t\geq 0}$ $A$ , $f_{\lambda}$ , $f_{\lambda}(x)=$
const. $\cross e^{\lambda x-\int_{0}^{*}h(s)ds}$ 6 , $A$ point spectrum
. , Theorem A $\{\tilde{T_{t}}\}_{t\geq 0}$
chaotic . admissible weight function $\rho$
$C_{0,\rho}(I, \mathbb{C})$ .
$I$ admissible weight function , $\rho$ : $Iarrow \mathrm{R}$ ,
(i) $x\in I$ , $\rho(x)>0$ ;
(ii) $x\in I$ $t>0$ , $\rho(x)\leq Me^{\omega t}\rho(t+x)$ $M\geq 1$ $\omega\in \mathrm{R}$
.
$I=[0, \infty)$ mlmissible weight function $\rho$ , :
$C_{0,\rho}(I, \mathbb{C})=\{f$ : $Iarrow \mathbb{C}|f$ continuous, $\lim_{xarrow\infty}\rho(x)f(x)=0\}$
$(||f||_{\rho}= \sup_{x\in I}|f(x)|\rho(x))$
$X$ mlmissible weight function $\rho$ $C_{0,\rho}(I, \mathbb{C})$ . $t\geq 0$
, $T_{t}\in L(X)$ $f\in X$
$T_{t}f(x)=f(x+t)$
. $\{T_{t}\}_{t>0}$ $X$ translation semigroup .




$e^{-\int_{0}^{x}h(s)ds}\leq e^{\omega t}\cdot e^{-\int_{0}^{*+t}h(\epsilon)ds}$
. $h$ $\rho$ , $\rho(x)\leq e^{\omega t}\rho(x+t)$ , $\rho$
admissible weight function .
$\rho$ , $- \frac{\rho’(x)}{\rho(x)}=h(x)$ . (4.1)
:
$\{\begin{array}{l}\frac{\partial u}{\partial t}=\frac{\partial u}{\partial x}-\frac{\beta(x)}{\rho(x)}uu(0,x)=f(x)\end{array}$
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$\rho$
( continuous admissible weight function .
$u(t, x)= \overline{T}_{t}f(x)=\frac{\rho(x)}{\rho(x+t)}f(x+t)\in C_{0}(I, \mathbb{C})$ . (4.2)






$x\in I$ { , $\rho(x)>0$ , $\varphi$ { isometric isomorphism .
.
Proposition 3. $X$ $C_{0,\rho}(I, \mathbb{C})$ ( $\rho$ { continuous admissible weight function)
, $\{T_{t}\}_{t\geq 0}$ $X$ translation $semig\varpi up$ . $\overline{X}$ $C_{0}(I, \mathbb{C})$ , $\{\tilde{T}_{t}\}_{t\geq 0}$
(4.2) . .
(1) $\{T_{t}\}_{t\geq 0}$ $X$ hypercyclic , $\{\overline{T_{t}}\}_{t\geq 0}$ $\overline{X}$ hypeoeyclic
(2) $\{T_{t}\}_{t\geq 0}$ $X$ chaotic , $\{\overline{T_{t}}\}_{t\geq 0}$ $\overline{X}$ chaotic {
Theorem 4 .
Theorem $\mathrm{B}([8])$ . $\rho$ admissible weight function , $X$ $C_{0,\rho}(I, \mathbb{C})$ .
$I=[0, \infty)$ .
(i) $X_{-}\mathrm{k}a)$ translation semigroup $\{T_{t}\}_{t\geq 0}[]\mathrm{h}$ chaotic;
(ii) $\epsilon>0$ $l>0$ , $n\in \mathrm{N}$ $\rho(l+nP)<\epsilon$
$P>0$ .
Theorem 4. $\overline{X}=C_{0}(I, \mathbb{C})$ ( $I=[0,$ $\infty$ ) $)$ . :
$\{$
$\frac{\partial u}{\partial t}=\frac{\partial u}{\partial x}+h(x)u$
$u(0, x)=f(x)$ with some $f\in\overline{X}$ ,
$ \sim.\frac{\backslash }{.}.\backslash \text{ }h1\mathrm{h}I\text{ }\sigma)\mathrm{f}\mathrm{i}\text{ _{}\grave{1}}\ovalbox{\tt\small REJECT} J\mathrm{H}\mathrm{b}\text{ }$.
solution semigroup $\{\overline{T}_{t}\}_{t>0}$ $\mathrm{Q}$ - . [ , $h(x)$
$\int_{0}^{\infty}h(s)ds=\infty$ , $\{\overline{T}_{t}\overline{\}}_{t\geq 0}$ ( chaotic .
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Proof. $\overline{T_{t}}f(x)=\frac{\rho(x)}{\rho(x+t)}f(x+t)$ [ , $\{\overline{T_{t}}\}_{t\geq 0}$ . $\{\overline{T_{t}}\}_{t\geq 0}$
.
, $t=0$ . $\rho(x)=e^{-a\int_{0}^{e}h(s)ds}$ $\mathrm{f}\grave{\circ}$
$\text{ }$ . , $x\in I$ $h(x)\leq\omega$ $\omega>0$
. $\epsilon>0$ , $|f(x)|,< \frac{\epsilon}{3e^{\omega}}$ $x>R$ $R>0$ .
, $0\leq t<1$ $x>R$ [ $|u(t, x)|=| \frac{\rho(x)}{\rho(x+t)}f(x+t)|\leq e^{\omega t}|f(x+t)|\leq\frac{\epsilon}{3}$
. $u(t, x)$ $[0, 1]\cross[0, R]$ , $\delta(1>\delta>0)$ , $0\leq t<\delta$
$x>0$ [ $|u(t, x)-u(0, x)|< \frac{\epsilon}{3}$ . $0\leq t<\delta$ [
$|| \overline{T_{t}}f-f||\leq\sup_{x\in[0,R]}|u(t, x)-u(0, x)|+\sup_{x\in[R,\infty)}|u(t, x)-u(0,x)|<\frac{\epsilon}{3}+\frac{2\epsilon}{3}=\epsilon$
. {T\tilde tL Q- .
, $\{\overline{T_{t}}\}_{t>0}$ $C_{0}(I, \mathbb{C})$ chaotic . $\int_{0}^{\infty}h(s)ds=\infty$ ,
$\lim_{xarrow\infty}\rho(x)=\overline{0}$ . Theorem $\mathrm{B}$ , translation semigroup $\{T_{t}\}_{t\geq 0}$ $C_{0,\rho}(I, \mathbb{C})$
chaotic . $T_{t}f(x)=f(x+t)$ . Proposition 3 $\text{ },$ $\{\overline{T_{t}}\}_{t\geq 0}$
$C_{0}(I, \mathbb{C})$ chaotic .
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